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proceed under vigorous stirring for 6 h. Then, the products were retrieved by several sequential centrifugation/redispersion processes in deionized water (17500 rpm, 15 min), to remove excess precursors and reactants. Finally, the as-obtained MnEMNPs were redispersed in deionized water. The yields of MnEMNPs were determined by weighing after lyophilization and the Mn content was quantified by inductively coupled plasma mass spectrometry (ICP-MS) following digestion by aqua regia overnight.
To optimize the reaction conditions, the effect of reaction time and DL-DOPA/KMnO 4 feeding molar ratio on the nanostructure formation were systematically investigated. Detailed reaction parameters for the synthesis of MnEMNPs are summarized in Table S1 . The same synthetic procedure were PEGylated MnEMNPs (hereafter denoted as PMnEMNPs) were prepared by mixing MnEMNPs with mPEG-SH at a feeding mass ratio of 1:5 in alkaline buffer solution (pH = 9.8-10.3) under vigorous stirring overnight at room temperature.
[1] The product was purified by centrifugation and washed several times with deionized water to remove residual mPEG-SH. The as-obtained PMnEMNPs were redispersed in water for future use.
S4
Physicochemical characterization. UV-vis spectra of reaction solution was monitored using an UV-vis spectrometer (Cary60, Agilent Technologies, USA). The morphology of MnEMNPs was characterized by transmission electron microscopy (TEM, Hitachi H-7500, Tokyo, Japan). Electron spin resonance (ESR) spectra was determined by a JEOL JES-TE200 apparatus. Raman spectrum was recorded on a
Raman spectrometer with 530 nm wavelength incident laser light. Energy-dispersive X-ray (EDS) elemental mapping, line-scanning and SEM images were captured on a field emission scanning electron microscope (SEM, Hitachi SU-70, Tokyo, Japan).
The valence states of manganese component were analyzed by X-ray photoelectron spectrometer (XPS). To determine the stability of incorporated Mn ions in MnEMNPs, Statistical analysis. All data were presented as mean ± standard deviation.
Statistical significance was determined by a two-tailed Student's t test assuming equal variance using SPSS 19.0. P value < 0.05 was considered statistically significant.
Supplementary Results
The PEGylation of MnEMNPs was confirmed by FT-IR spectra (Figure 3c ).
Characteristic peaks from 3300 cm -1 to 3500 cm -1 were attributed to N-H and O-H stretching vibrations. The peak at 1617 cm -1 was assigned to aromatic C=C bonds.
Versus MnEMNPs, the peaks on PMnEMNPs at 2922 cm -1 and 2851 cm -1 were assigned to alkyl C-H stretching of mPEG-SH. The new peak at 1082 cm The products in the other two groups exhibited well-defined spherical morphology.
The size and morphology of MnEMNPs were similar to naturally occurring melanins, which is 40-150 nm in diameter and spherical in shape. , where T, T surr , and T max is the solution temperature, ambient temperature of the surroundings, and the equilibrium temperature, respectively. Here, , the time constant for heat transfer from the sample system and was determined to be , by applying linear time data from the cooling period vs negative natural logarithm of (-Ln ) ( Figure S14e ).
Supplementary
Here, hS is a dimensionless driving force temperature and was determined according , the η value of MnEMNPs was calculated to be 23.5%. The PTCE of
MnEMNPs was remarkably higher than 13.1% for polydopamine-coated magnetic composite particle (Fe 3 O 4 @PDA-5), [3] 19.5% for CuS nanocrystals, and 22% for Au nanorods. The as-prepared MnEMNPs could be dispersed in water without noticeable aggregation for more than six months indicating prominent water dispersion.
However, they partially precipitated from other biological media including PBS, 0.9% NaCl, 5% BSA, and DMEM after 24 h incubation ( Figure S17 ). In comparison, the PMnEMNPs exhibited consistent dispersion stability in these media without observable agglomeration. 
